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what when working in districts with different climatic 
conditions. It seem5 to the writer, however, that the 
principlt, has l,eell demonstrated and fiat after 

damage for most of the period covered by the data used im ort,ant crop districts have been covered i t  will begos- 
in cOmPut'i the Of the equat'ion* sibre to predict the yield of the important crops consider- 

the actual and the estimated yield not only l~~ess i t a t e s  tile wTeat,lier nlust be taken into accouilt up to about t e 
of the test years, the comparat!vely large emor between 

a correction for boll-weevil effecbs, but shows the sound- llurvesit dat,e for tl,e robable yield of cOrJl ran be 

the introduction of adverse crop effech not included in of J~~~~~ ill the eclsterll part, oi the belt. 
the investigation. In  the absence of ot,her exact, dntn an alld posibly August, 
allowance Of lo Per cent for lg20 and 2o per cent 'Or lg2' must be consitlered in connectmion with cotton in the 
and 1932 brjllc the actual and effects into wpsjtern part, of the belt ~tnd.that Au st nlsy need t.0 be close accord. e are satisfied fiat  these al low~nce~ are t,al<en into accoullt in connection n i t  K" 1 corn in the central 
fair ones and that the working reliability of t.he method nllcl ,+7esterll G~~~~ pltLin States. 

ves the variation of the calculated from the m e  next be t'o a ply these and of cotton in pounds of lint par acre in South 
and equation has been demonstrated. 

yields for 1920, 1921, and 1922 were calculated in 
m e  wdl be done as soon as the data can be tabulated. 

We are sure that the methods can be refined with more ~,,dviLnce. 
work, and also that they will need to be modified some- 

ALLOWANCE FOR BOLGWEEVIL DAMAGE. 

Since South Carolina was entirely free from boll-weevil 

whereas SUC T damage was considerable over the period &lv before the harvestblg time. 

T ft. will be gee11 t,he studies noted above that alho 

ness of the m e ~ o d ,  bec.ause a correction is recl"ired for det.ern1illed by the elld of s uly and of cotton at  t.he elid 

~TIl~louhtedly the weather in 

quatiom to 0 tg er oat, cor11, an B cotton States, and this year from 1899 to 1922, inclusive. 

THE DAILY QUANTITIES IN WHICH SlJMMER PREClPITATlON IS RECEIVED. 
By JOHN S. COLE, Agriculturist. 

In. 5. Bureau of Plant Industry, Washlngtoa, D. C., November 15, l e . ]  

crops is chiefly concerned. The stud was made for 
The MY PkpitetiOn duh.g the five months from April b. August, 12 years hecause the eight stations se ected for it had 

inCluaivep for the l2-Year nod from to 1A19* lnclumve~ continuous records for that period; it seemed sufficiently 
give reliable averages and fairly smooth curvea, studied at eight stations in %"B Great Plains and at Washington. D. C., 

Nephi, Utah, and Moro, Oreg. During 153 days of these months 
Washington had meaamble precipitation on 55.8 dava, the Great anc it was the period covered by the study of crops and 
plsinson41.7 days, Nephion 26.3.day.8, and Moroo? 31.8 days. Within soil moisture. 
Wb, the -bty Of Pmcl ltat.10~ Is not deterrmned by *e number The precipitation is recorded in quantities received 
of days on &ch it occum. In the Great Plains 83 er cent of the days 
h a y  m w m b l e  pred@h~n have 0.50 in& or pBBB 45 per cent clail ~ l [ l  consequently does not ermit more refined 
have .IO inch or leea. In quantitiea from 0.05 inch up to a critical stu$ than of t.he number of days %aving precipitation 
point, which ia approximately 0.30 inch at Moro and Nephi, from of gven qutmtities. In  t,his aper a precipitation is 
0.70 inch to 1.10 inch= in the Great p!aim, and 1.20 inchea at wash- therefore undel.stood to be a a ay having precipitation 
iqton, the frequency of a given preciptation ie inversely roportion+ 
to its amount. Above the critical pomt the decreaee in Lquency is of me=ura.ble qumtitY. 

rapid than i n m  in amount. The number of preapitahons To afford comparison with other conditions the studs 
below 0.05 inch increeeerr with decreasing quantity but not in the =me was extended to include the Weather Bureau records of 
proportion. recipitation at Washington, D. C., as representative of 

some of the results of the ex eriments in Rumid conditions, and the rec.ords obtamed at Nephi, 
Utah, and Moro, Ore in the cooperative work between 

Of8m of Dry-Land Agriculture Investigations of the t.he Office of Cereal !&vestigations and the agricultural 
Bureau of Plant Industry it became necessary to analyze ex eriment stations of those States and the Bioph ical 
the precipitation data in more detail than was afforded b Lagoratory of the Bureau of Plant Industry. g e e e  
monthly and seasonal totals. The oints on whici two stations are representative of the winter rainfall and 

%he first study made of the data was a count of the 
dr 

cipitation and (2) t % e quantities of water receive! in 
precipitations of different amounts. The study was number of precipitations in each of six groups, aa follows: 
made on the recipitation for the five-month period From 0.01 to 0.50 inch, from 0.51 to 1 inch, and then in 
from April to &qust, inclusive, for the 12 years from grou s of 1 inch up to 5 inches. There were none a ve 

Bureau of Plant Industry, at which these studies of shown. in Table 1. To avoid fractions, the data in thia 
precipitation were made, are the Judith Basin station, table are shown on the basis of the total number in the 
near Moccasin, Mont.; Dickimon, N. Dak.: the Belle 12 years during the months studied. The columns at 

9 
IIYNOPLIIII. 

lonK to 

cro pro uction conducted in the Great P r aim by the 

information was sou h t  were .(1) the P requency .of re- 

1908 to 1919, inclusive. The eight field stations of the 5 inc%es to be considered. "he results of this study v are 

summers of the intermountain dry-farming region. 

Fourche station, near Newell, S. Dak.; Akron, Colo.; the right show the 
North Platte, Nebr.; Ha s, Kans.; Garden City, Kans.; having measurable 

April 1 to August 31, 
is the one from the rain gauge on the table where tation during this period. 

stations in the Great Plains have 
were made from standard Weather Bureau rain gau es on an avera e of 41.7 days during 

and Amarillo to 47.6 days at the 
During the same period Washington, D. C., had precipi- 
tation on 55.8 days; Nephi, Utah, on 26.3 days; and 
Moro, Oreg., on 21.8 days. Significant differences are 
shown between the different stations or sections of the 

and Amarillo, Tex. Thegorth Platte record used in this 

the B ry-land experimental plats are located. All records 

with free ex osure and are a art of the records of t 5 e 3% days. &e range is from 36.8 da 
Biophysical E aboratory of the 53 ureau of Plant Industry 

stud 

obtained in cooperation with the Office of Dry-Land 
Agriculture Investigations. The five-month period froni 
April to August, inclusive, was used because it is tlle 
period with which the study of the behavior of the grain 
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Great Plains aa well as between the Great Plains as a 
whole and the other regions having different quantities 
or types of rainfall. It is evident from it that within 
limits, as between q e r e n t  stations in the Great Plains, 
the uantity of preci itation is not determined by the 

Belle Fourche stations have almost exactly the same 
number of days of recipitation, but the quantity at  

the Belle Fourche station. d e  latter place has the 
eater number of precipitations less than 0.50 inch and 

g e  former of precipitations between 1 and 2 inches. 
Exactly the same number of preci itations a t  the Belle 

former and 14.78 inches at the latter. 

num % er of days on w g. ich it occurs. The Dickinson and 

Dickinson is 2.27 inc 1 es, or 24 er cent, greater than at 

Fourche and the Hays stations yie P d 9.27 inches at  the 

from 0.01 inch to 0.50 inch and 12 per cent within the 
next half-inch group it ap eared desirable to study the 
distribution in more detaii The number of precipitllr 
tions of each unit measurement (0.01 inch) was therefore 
determined. The iiumber of precipitations multiplied 
by the quantity gave the moun t  contributed b that 

uantity to the total. Study of the material s E owed 
%at satisfnctory results could be obtained by combining 
the uantit,ies into groups of 0.10 inch. The totals were 
divi 1 ed by 12 to obtain t,he average annual contribution 
of each 0.10-inch g o u p  to the total precipitation for the 
five months. The data so obtained are shown in Table 2 
for eight stations in the Great Plains and W-ashington, 
D. C., Nephi, Utah, and Moro, Oreg. The curves formed 
by successive additions of these quantities are plotted 

U 
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FIG. 1.-Preeipitalioa received aiiiiually ill the five mo;lths from April to At!gust. inrlusjre. a1 eeveu stations, charted as aceumulatlng totals of the quantities me'ved in daily 
prenpitations of d1irerer.t magutudes. 

One of the strikin p0int.s shown in comparisons in 

days havin over 1 inch of precipitation at  the Juditk 

comparatively large number of da having recipitihon 

Washin ton, D. C., has precipitation on a greater 

but it owes the greater part of its higher precipit,ation 
to an increase in the number of precipitation days of 
over 1 inch. The frequency of recipithon is only 17 

station, but the quantity is 91 per cent greater. 
The Nephi, Utah, and Moro, Oreg.? s t d o n s  each has 

a comparatively small number of precipitations, a sniall 
number or none of the larger quantities, and a small 
total. - 

Because so large a proportion, 82 per cent in the Great 
Plains, of the precipitations came within the one group 

the Great Pla.ins is t E e comparatively small number of 

Basin snd fi elk Fourche stations. Another pnint. is the 

between 0.51 inch and 1 inch at Is" ays and rs orth Platte. 

number o f days than any station in the Grent Plains, 

per cent greater at, Washington t K an at  t.ho Judith J h i n  

in Figure 1 for as many stations as can be shown with- 
out too niucli confusion of the-curves. On account of 
the small number of recipitatlons amquntin to more 

point, and quantities above it were included in single 
entries. 

Moro, Oreg., in R region of winter rainfall, receives 
during the summer months less precipitation in each 
unit group than ang of the other stations and receives 
none in daily quantities above 0.80 inch. Ne hi, Utah, 

and sununer preci itation than Moro, receives more in 

of the stations in the Great Plains. In  quantities of more 
than 1.30 inches a day it had during the period under 
study only one precipitation of 2.61 inches. 

recipitation of sis of the stations in the Great 
Plains FJudith Basin, Dickinson, Belle Fourche, Akron, 
Garden City, and Amarillo) is much the same when 

than 2 inches a day t l is  study was camed on K y to .that 

also in a region of winter rainfall but with a hig 1 er annual 

each group t,hhnn t R at  place but generally leas than any 

The 
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Predpitation group. 
Total 

nbE- 

oonsidared in contrast to that at Hays and North Platte 
in the Great Plains, Washington, D. C., and Nephi and 
Moro in the intermountain area. There are? however, 
important d8erences between these six stations both 
in total quantity and in its distribution. In precipita- 
tions up to 0.60 inch a da the Judith Basin station 

Plains stations and only 0.73 inch less than Washington, 
D. C. The precipitation in quantities up to this amount, 
however, constitute nearly 64 per cent of the total at, 
the Judith Basin station and only 37 per cent at  Washing- 
ton. Dickinson and Belle Fourche parallel each other 
very closely up to quantities of 1.20 inches. In rainfalls 
above that quantity dail Belle Fourche receives an 

receives 2.99 inches. The higher seasonal precipitation 
a t  Dickinson is consequently due to a greater number 

receives more precipitation t 5 an any other of the Great 

average of only 0.87 inc I a season, while Dickinson 

-- 
TABLE 8.-Aniouiit of precipitdwn, in inches, received annrurlly in each 

prekpitatwti group during the months &om dpri l  to Arcgust, &wluSiiv, Ag- num- age 

ber I$?i 
for the 12-Ysar penod f r m  1908 to 1919, inclusi~v. 

yz. ta&. - ! 

only about 1 inch each season less than Washington, 
D. C., but in uantities above that amount Washington 
receives mou& more to bring its average for the five 
months up to 19.35 inches, as com ared mth  14.78 inches 

The groups of 0.10 inch d o r d  an anelysis more re- 
fined. perhaps, than is necessary for agmulturd pur- 
poses. hut while the data were in hand they yere sub: 
jected to further study to determine the oontnbution of 
each measured unit of 0.01 inch precipitat.ion a day-to 
the total. The concern in this study was primarily with 
the smaller quantities, because as an aver e of the 

having measurable precipitation have precipitation of 
not over 0.10 inch. The study was carried to quantitiea 
of 1 inch. Even before this quantity is reached the 
number of precipitations is so reduced that the volume 

a t  Hays and 13.64 inches a t  Nort T I  Platte. 

eight, stations in the Great Plains 45 per cent Y o the days 

JudithBuh Monk 
Dickinron,d.Dak: 
Bdle Fomrche, 8. 
Dak .............. 

NorthPbtta Nebr. 
AlaonColo.: ...... mm,km ........ 
O h C i t  Kw. 
Amuluo&x ...... 
Nepht. wi 
Wnhtn@n D.C.. 
yolo, 0reg.l ........ ....... 

0 

H!OH7A7/Lw UN/7S 
ma. precipltetion received in eseh measurable d d y  amount up to 1 inch durin the five months from A ril to August, inclusive, in the 12 fmm 

1908 to 1919,inclushe,shown aatheamoothedaverageoteig~t itationsin the Grea t  Pdns. 

I d  
1 ---- ~--i--__ 

Precipita- 
Inchra. tion 

508 50 14 0 0 571 47.6 10.12 goups. 
431 56 28 I 1 0 517 43.1 11.54 

450 63 10 2 0 0 515 42.9 9.27 - 
379 88 24 2 1 0 495 41.3 13.64 
416 58 P 5 1 0 602 41.8 11.89 O.OltoO.l0..1.0s 

366 50 23 1 0 2 442 36.8 10.98 .21to.80..1.15 
348 65 25 3 1 0 442 36.8 11.82 .81tO.40..'1.01 

51 11 2 670 55.8 19.35 .4lt0.50..!1.05 

El' H 4 
1 0 315 26.3 4.96 .51tO.Bo.. .86 

262 21.8 3.03 .61tO .70.. .b 251 
I .71 to .SO.. .31 

2 - 
me 76 33 5 1 1 515 42.9 14.78 . i i t o . m . . i . 3 1  

0 0 U 
0 I 

-- 
0.91 
.91 
.84 

1.16 
.91 

1.11 
.92 
.25 
.50 
.32 
.53 

of data studied is not sufficient to produce sstisfactorily 
smooth curves. 

The quantity of precipitation received in each unit 
amount was determined for the eight stations in the Great 
Plains and avera ed. The fi rea so obtained were 

fractions the calculations were carried through and the 
curve plotted on the basis of the total quantities received 
in the 12 years. Reduction to a yearly basis is not 
necessary, as the concern is with relative rather than 
absolute quantities. 

smoothed by the 7 ormula b =  r + b + e )  / 4. To avoid 
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The results are plotted in Figure 2 by verticals raised 
from each amount to the qunntitzy, as indicated by the 
marginal scale, received from it. in 12 seasons. I‘t will 
be noted that amounts from 0.05 inch to 0.70 inch 
per day contribute approximatelp equal quantities to 
the total recipitation. In otsher words, within these 

tional to its quantity. In a. period hzring 30 daj-s of 
0.05 inch preci itation each there will be 10 dags of 0.10 
inch; 5 days o P 0.20 inc.hq 4 daj’s of 0.25 inch, and so on. 
The number of precipitatim days helow 0.05 inch in- 
creases with decreasing quantities but not in the sanic 

Table 2 aiid Fi ure I show that t,he iippcr 

minimum in the Great Plnins and does not. apply to all 

limits the P requeney of precipitation is inversely propor- 

Propor irmt of tion O . i O  inch to which t i is  f relation is limited is the 
. 

stations. At North Platte and at Hays the point at 
which the curve breaks is reached at  1.10 inches, and at 
Washington, D. C., at 1.20 inches. On the other hand, 
the critical point in the curve is reached at 0.30 inch at 
both Moro and Nephi. 

The marked depression in the smoothed curve at  0.60 
inch is due to the fact that some of the stations did not 
receive precipitation in qumtities of 0.59 inch, 0.61 
inch, and 0.G2 inch. 

A4.bovr the critical oiut, which varies wibh the station, 

rapid thnn increase in rluant,i4y, so that the product of 
t.hc nuinher of preci it.ations in a. given time and their 

thr decrease in t,he P requency of precipitations is more 

amnunt is B constmt P y decreasing quantity. 

NOTE ON ATMOSPHERIC HUMIDITY IN THE UNITED STATES. 

By ROBERT DE C. WARD. 
[Harvsrd Uaivmity,  rambridge, Mass., Ort. 21, 1922.1 

ReZative humidity.-Atmospheric humidity has many 
important relations to life-human, anima.1, and vegeta- 
ble. It, to a considerah!c degree, nffec,t.s our bodily 
comfort; our feeling of heat or cold. It is one of the 
controlling climatic influences in the growth and devel- 
ment of crops and of d l  forms of plant. life. Bot,h 
directly and mdirectly, it affects many of our activities, 
our industries, our commercial or anization. Relative 

ture in the atmosphere and the amount which could be 
present, without condenr:r‘:;ion, a t  t,he same termpera- 
ture and under the same pressure, is a. direct expression 
of the physical moisture or dryness of climate in rehtioii 
to its temperatures. Rel.i.tive liuiriidity is ti  real :tnd 
definite factor in climate. It is clirectly indicated by 
organic substances. It rr.act.s upon t.hrni. For this 
reason the human hair is commonly used in measuring 
relative humidity in the hair hygrometer. Other or anic 

ma also be used in the same way. The cracking or 

humidi tg is well known. 
eneral system followed by t.he lines of equal 

On the Pacific, hant ic . ,  and Gulf co:ist.s the lines show- a. 
distinct tendency to par~.llel the sew.o:ist. This fea t,urc- 
is most clearly indicated 011 the Pa.cific slope, nnd there 
in t,he warmer months. (2) Oyer the interior plateau 
the lines group themselws in R eiiera.1 ova.1 pattern 

(3) Over the Great Pla.ins lines of equn.1 relative humidity 
lie more or 1-s a.ralle1 \vi tJi tho meridians, especially in 
the cen tra.1 a .n f  southern sections. Tlis eographicnl 

depends on n iiumber of controls. Among these ( 1 )  the 
temperature, (2) t-he direction of t.hc prevailing winds, 
13) the distance tind diw:t,ion of the r:liisf soiirc‘e of 
moisture-sapply, imrl (4) t,i~e topography tire the most 
im ortant. 

{he meridional t.rend I I!’ the relative humidit-y lines 
on the Grec1.t Plains was discovered by Looinis in 1880 in 
connection with his construction of the first, chart of this 
kind for the United Statt+s.’ The data upon which this 
pioneer chart was based relnt.ed to a very few stations 

humidity, i. e., the r h o  between t 5 ie amount of mois- 

substances, such as catgut or certain veget.nble .h ib ers, 

m e  9 ling of woodivork with decrease or increase in rel:i.tive 

relative a umidit is simple. and easily remembered. (1) 

around central or southeni centers o 7 minimum Iiumidity. 

distribution of relative humidity, t,hus brie B -y outlincd. 

The 

-. . - 
1 Elias h m i s :  “Contributions to Mrteorolo j ,  Being Results Derived from 811 

~.:saminatioii 01 the ~ ~ m r v a t i o i i s  01 the Uuited Qtitea signal Seryice 8Ud ~m Other 
sourres.” Atner. Jorrn. 8ci., 3d ser. vol. 20,1880, pp. 1-21. P1. I. 

hetxeen latitudes 45’ and 30’ N., east of the Rocky 
Mountains, for .Janua.ry, 1S75. Only four lines were 
dr:nvn, riz,  t:hose for 50 per cent, 55 per cent, 60 per 
cent, and 65 per cent, but t,hey were sufficient to indi- 
c.a.t,e that “on the esst side of these (Rocky) mountains 
t,hc?rc is 11. n;i.rrow belt of territory where tslie mean humid- 
ity is less than one-half; and there is a belt at least 400 
miles wide where the mean humidity is less than two- 
thirds; and in advancing eastward we find the humidity 
t.o increase still further.” This distribution is attributed 
to  the fact t,hat in crossing the Sierra Nevada the moisture, 
in t.lic wester1 winds, is “ niost.1 condensed.” ‘‘Bypass- 

t.im of vqmr, so that when the air descends on the eastern 
side of these mountains it is almost destitute of moisture.” 
The 1 7 ~ ~ 0 1  brought from the Gulf of Mexico is diffused 
over t,he central lowlands and mixes with the dry air 
coming across t,he mountains from the west. Hence, in 
Lnoniis’s opinion, the relative humidity must increase 
rapidly from the Rocky Mountains eastward. 

Since Loomis’s first attempt to draw relative humidity 
lines, numerous h te r  charts have been ublished, cover- 

s.nd more complete data.’ 
The most complete discussion and cartographic and 

tabu1a.r presentation of the humidity element in the 

ing over t.he 2 orkv Mountains t { ere is a further condensa- 

ing all months as well as the year, an f; based on more 

* Pre. e. e.. the following: 
Frank Waldo: “Elementarv hkteorology.” B vo. New Tork 1%. I%!. 114 shows 

:Iviwpe atiniiil relsti\-e hnmiilitv in the Unlted Stales. but.no Aatement is made as to 
the source 01 thc chart or the pedod covered by the ohwrvation. 
H. A. I-Iweu: “The Distribution of misture in the Unlted States.’’ Ann. Rlpt. 

Cliicfo Il’rcrthfr Burrair for 189746. 1 to. 
Was~inqtou. D. C.. 1‘497, pp. :;27-.H* pls. VI. 1’11. d i 3 p  V-IX. TheplatariUwtrate 

* ’  w ~ v e s  of nioislure, presaiirr :rud t.emperatura” lor individual +tm; the diagrams show 
Ilurliiations or dewpoint.. of hcwpoint and temprmtiue, and diurnal range of moasture. 

IJrsnk 11. BiprClOW: ‘*The Vapor Ten?ion on the Sea Level, the ‘1 joofoot and the 
l:l,ipnLfool pmer.” .4?1n. RrZ.  Citfrfo! Wdhrr  Rtsrm~rfor IMi-Ih~. I to. Wa41- 
in! : o ~ ,  D. ‘ .. 1 ~ 0 2 .  \-ol. 11, pp. 420-427.. GIMS monthlr and nnnual chtuts of rela- 
live hiimidilyat s~~~Icvrl..~~~dinnntlilyandsnniialrhart.rn’fuonnsl vapor tensionnt ss+ 
Icvrl and on the:3,:M-fmt.aiid the 10.i)lJfLIoot planer. 

.1 r t n r r e l  Rrprln/ l lrr  Pl+fo]tbr  11idhm Burmujtw lNl-(J2. I t.o. Witshington. D.C. 
l!V, I ~ I .  ::17-.Kii. Tllrrc rhwis of normi: rclnliw Ii:imidity lor .l%uiiary, .luly and the 
w i r ,  hahe4 nu rh1.a cnwring varying teriods ol  time. from 4 to 1 I years. Dadgiven in 
i i i l l : w .  NO uuttior‘s nmne civen, m i n o  disrussion. 

W. 13. SrorJimm: “Teni erofurc oud Relative Ifumidity D3t.s.” 

I!l.cd :. 11e;iry: ”Climntolopy ofilie United Stslcr.” 

L: S. H’eatirer 
I:rrrtna. I l c i l l d i e  f ) .  .I to. keshiugton. D. C.. 1%~;. Pp. 1. 

I.: S. Il’rolltrr BurmuBullcfin. 
I ?  I IO. \\‘ashin~~~on 1D.C.. 19Grj. p. 81. TablPV11I.pp. lO~-liKi, containsthemonthly 
iiie:iu valuer or h ~ l i k  humidity fur s a. m. ond s p. m., seventy-fifth meridian time, 
lor a uumhc: o I  selccted stations. 


